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Abstract 
Under climate change and human’s activities, the drought occurs widely and frequently. This paper defines drought 
based on natural rhythm, as a dynamic phenomenon of the mismatching of water supply and water demand in water 
resources system, which is caused by the change of the water supply and water demand process during “natural-
artificial” dual water cycle. Drought could occur at any link of the water cycle process, and may classify as natural 
rhythm drought, human interference drought, climate change drought and integrated drought. The drought 
characteristics are analyzed to provide support for drought risk management. 
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1. Introduction 
Under the climate change, with the economy development and population expansion, the drought 
shows a new trend of the increasing frequency, the expanding influenced areas and the even deeper 
influenced density. China floods and droughts Bulletin shows that both the drought stricken and damaged 
areas have increased during 1950 to 2009, and the contradiction between water demand and water supply 
aggravated. The regional drought occurs as a result of large scale climatic background, the interaction of 
land and atmosphere, and the combined actions of nature change and human activity [1]. Dry periods 
have become longer while wet periods have shortened in time in some areas such as Zhujiang River Basin 
in China [2], while many areas over a portion of the Central United States increased wetness, with drying 
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in isolated regions of the West and North where water use and irrigation are heavy [3]. The occurrence of 
hydrological drought event at Melka Sedi stream gauging station lags meteorological drought event in the 
Upper Awash on average by 7 months with a variation of 3 to 13 months [4]. There are much research 
about drought from different aspects. The drought origins complicatedly and the drought definitions are 
different. The driver of drought is not revealed comprehensively and profoundly. The drought risk will 
increase and the recognition of drought mechanism will be more difficulty as the randomness of climate 
change and human activity increase. This paper will focus on the "natural-artificial" binary water cycle to 
analyze the cause and the connotation of the drought. The drought classification and the drought 
characteristic will put forward to support the drought risk management and the integrated water resource 
management coping climate change. 
2. The drought definition 
2.1. The analysis of defined drought definition  
Drought is a complicated natural phenomenon. The precise and uniform recognition of drought 
definition and classification is not formed. The published definitions of drought have surpassed the 
number of 150 [5].The ever research discusses the drought from the different purpose and different 
drought index. From the disaster-inducing factors, the work is carried out from the five angels below. The 
meteorological drought focuses on the precipitation and evaporation. The agricultural drought discusses 
the soil moisture and the crop water requirement. The hydrologic drought discusses the stream flow and 
the groundwater. The society and economy drought discusses the water demand and water supply. The 
ecological drought discusses the swamp. Although the definition are many, the definition can put in 
summary of the imbalance of water household, showing resource drought, engineering drought and 
industrial structure drought, and the permanent drought, seasonal drought and transient drought. On one 
hand, the existing definition cannot consider the water resource system, and cannot efficiently simulate 
the future uncertainty. On the other hand, the research of drought does not combine with the water 
resource allocation and risk management, with the shortage of the actual operation of water resource 
management. 
2.2. The drought definition based on the water resource system 
From the angel of the uniform physical mechanism of "natural-artificial" dual water cycle, drought is 
the dynamic unbalance phenomenon of water supply and water demand in water resources system, that be 
acted by climate change and human activity following the natural rhythms. Because of the little 
precipitation and snow runoff, high temperature and evaporation, the river runoff, the soil available 
moisture and the reservoir filling decreases. The available water resource is less than water demand and 
the transient of last unbalance occur. It performs that the soil moisture is lack, the water level of river and 
lake decreases, the reservoir water storage is shortage and the economy development is lack of enough 
water. 
3. The recognition of drought connotation and denotative meaning 
The connotation of drought is that: 1) the natural rhythm is driver; 2) the uniform water cycle and 
associated process is the main research line; 3) the drought mechanism is the investigated subject; 4) the 
process of water supply and water demand is goal. The denotative meaning is that the drought can appear 
582  FENG Jing et al. / Procedia Engineering 28 (2012) 580 – 585 FENG Jing et al./ Procedia Engineering 00 (2011) 000–000 3 
at any link in water cycle and influenced by the integrated action of natural rhythm, human activity and 
climate change.  
The water resource system is a closed system. The water flows from atmosphere condensing and 
forming clouds to precipitation, vegetation canopy interception, soil infiltration, surface runoff, 
groundwater to evaporation into atmosphere. The drought can show in any part of the water cycle that 
drought have been classified resulting from different links. The signs of drought can appear in any link 
that brings about the imbalance of water supply and water demand. If the vapor from natural water cycle 
into artificial water cycle cannot meet the needs of the agriculture, industry and life, the adverse effect 
may arise and create the disaster. The precipitation from atmosphere is the source and the water demand 
in society system is the sink. The adverse effect appears through the society water cycle system. 
Drought relates to the water resource allocation and regulation. The research of drought can be carried 
out from both water supply and water demand sides. Drought may not occur followed by the decreasing 
precipitation and the acceleration temperature. The fore soil moisture, surface runoff and reservoir water 
storage in water supply system and the vegetation growing stage and the economy development in water 
demand system. Ecological water demand has significant seasonal difference. Industrial water demand 
relates to the industry pattern. The imbalance of water supply and water demand embodies in the water 
supply system and water demand system. From the water supply system, the water resource sources such 
as the precipitation and glacier change. The water supply pattern changes in time and spatial scale. From 
the water demand system, the changes show that the water demand process of water consumers is 
different at different stage and different space. The quantity and quality of water demand at different 
growing stage, different industrial technological process and different temperature. The drought 
mechanism is identified and graphed in Fig.1. 
Precipitation
Canopy
interfilitration
Depression
storage flow
Infiltration
Groundwater runoff
Inflow runoffSoilevaporation
River runoff
Atomespheric
process
Land process
Soil process
Slope runoff
Surface runoff
Agricultural drainage system
Industrial water system
Living water system
Artificial economy system
Evaporation
Glacier melt
Reservoir
regulation
Groundwater
process
Water supply
process
Divert
waterWateruse
Transport
water
DrainageWater demand
process
Condensation
precipitation
Meterodical
drought
Water
supply
system
Water
demand
system
<
Ecological
drought
Hydrological
drought
Agricultural
drouhgt
Society
drought
Tendency
Periodicity
Mutability
Climate change
Temperature
Wind
Vapor process
Precipitation
Energy process
Dynamical field
Water
allocation
Vegetation 
Industry 
pattern 
Life 
Agriculture 
Year
Month
Season 
Day 
 
Fig.1. The conventional diagram of drought mechanism 
4. The Drought classification 
Drought is the phenomenon that influenced by the exterior acting force based on the natural rhythms. 
From the angel of the drought origin and mechanism, the drought can be classified of natural rhythm 
drought, human disturbance drought, climate change drought and integrated drought (Fig 2). 
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Fig. 2. The classification of drought 
4.1. Natural rhythm drought 
From the long time-scale, drought is a stable climate phenomenon determined by the large scale 
atmospheric circulation forming long water shortage. The basic reason of drought is that the little 
precipitation and the unreasonable spatial distribution of precipitation results in water supply lack. High 
temperature leads evaporation bigger than precipitation and available water is shortage. Drought is 
periodic natural rhythm phenomenon dominate by the development of drought. 
4.2. Human disturbance drought 
Human activity changes the spatial pattern and process of water cycle through changing the land 
surface, following the water vapor transport, surface runoff and evaporation changing. For example, the 
agricultural diverting water, building reservoirs, multi-watershed water transfer, artificial rain, and forest 
planting can transform the regional vapor transport process and alter the water balance. Human activity 
changes the time and spatial process of water quantity and quality. It also alters the water allocation to 
change the dynamic process of water balance through water withdrawal. In the water demand system, the 
human activity such as the hydraulic regulation capacity, industrial structure, agricultural structure, the 
population and the society development may change the water demand in the society water cycle system. 
4.3. Climate change drought 
With the development of global changes, researchers from all over the world increasingly pay attention 
to drought detection, and severe droughts that may have resulted from climate change [6]. Under a 
warming climate, the consequences of hydrological changes for future water availability are likely to be 
severe [7]. Climate  change  may drastically  reduce  runoff  in  the  dry  season  at  key  locations  and  
changing  water  demand [8]. The water supply and water demand are sensitive to temperature and 
precipitation. The climate change and following vegetation and soli change may alter the energy 
transmission course and vapor exchanging rate. So the hydrothermal and energy balance will be broken as 
a result of the water evolution changing. As the temperature increases, the stability of the water resource 
system decreases and the frequency of drought increases. The climate change alters the energy process, 
vapor transmission process and dynamic field then changes the precipitation, temperature and wind. At 
the same time, as the extreme events increases, the soli available moisture, regulated water resources and 
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water source (surface water/groundwater/other water sources) structure change. When the water supply 
probability changes, the water demand changes and the mutability of drought strengthens. 
4.4. Integrated drought  
Human activity and climate change interacts with each other through land-surface process. For 
example, the ground vegetation changes the climate through the exchange of land-surface energy and 
vapor [9]. Under the influence of climate change, the drought process is acted by climate change and 
human activity that collectively impact on time and spatial distribution pattern of water resources, leading 
to the change of the regulated water volumes and water allocation, the water demand and water supply. 
5. The drought characteristics 
All the natural phenomena follow the natural rhythm, show typical periodic changing discipline, and 
develop with the natural evolution. The randomness of climate change is intensive. The impact of human 
activity on the drought changes as the development and economy requirement stage are different, and 
obey some disciplines. Under the integrated actions above, the energy process and the vapor process 
change remarkably. The water supply cannot meet the water demand, and the drought will appear. So the 
drought has the characteristics of tendency, periodicity and mutability that can be illustrated as the 
following formula: 
 
Drought =P(water supply < water demand)=λ 1（tendency）+λ 2（periodicity）+λ 3
（mutability）  (1) 
 
P refers to the probability that water supply cannot meet the water demand; λ1 refers to the tendency；
λ2 refers to the periodicity；λ3 refers to the mutability. As the impact of climate change and human 
activity intensifies, the mutability of drought increases based on the inherent tendency and periodicity 
(Fig3). 
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Fig. 3. The mode chart of drought concept 
6. Conclusion 
Under the combined actions by climate change and human activity, there is a new trend of drought that 
the frequency and influenced areas increase. This paper defines the drought is a dynamic phenomenon 
that water supply cannot meet the water demand from the "natural-artificial" binary water cycle based on 
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the natural rhythms acted by the climate change and human activity. The drought is formed with the 
natural rhythm, human activity and climate change as the driver, the uniform water cycle and associated 
process as the main research line, the drought mechanism as the research target, and the dynamic balance 
of water supply and water demand as the goal. It is a phenomenon of water deficit caused by the 
imbalance of water supply and water demand. The drought is classified by natural rhythm drought, human 
disturbance drought, climate change drought and integrated drought. The drought characterizes of the 
tendency, periodicity and mutability. The mutability of drought increases as the mutability increases and 
the periodicity and mutability decreases. So the research can support the drought risk management. 
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